The carbon atoms of glucose and malate in C4 plants are 2 to 3/c' enriched in 1'C with respect to atmospheric C02; whereas these intermediates in C3 plants are 15 to 18%o enriched with 'C with respect to atmospheric C02. The enzymatic synthesis of malate from phosphoenolpyruvate and bicarbonate in preparations of leaves of Sorghum bicolor, Haygrazer result in a carbon isotope fractionation of about 3%,. The enzymatic synthesis of phosphoglvceric acid from ribulose 1,5-diP and C02 in these preparations (contaminated with carbonic anhydrase) at 24 C and 37 C result in a carbon isotope fractionation of 33.7%,, and 18.3"'<, respectively. These data are consistent with the conclusion that the small enrichment of "C in the carbon atoms of malate and glucose (with respect to atmospheric C02) in leaves of Sorghum bicolor, Haygrazer occurs at the phosphoenolpyruvate carboxylase step. Park and Epstein (14) have shown that carbon assimilation during photosynthesis results in the fractionation of the stable carbon isotopes ('"C and`gC). These workers showed that the enzymatic formation of PGA2 from RuDP and bicarbonate by crude preparations of RuDP carboxylase resulted in a carbon isotope fractionation of 17 %, from bicarbonate. Thus, the primary step resulting in "2C enrichment of organic compounds during photosynthesis is the fixation of CO2 by RuDP carboxylase.
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Smith and Epstein (16) (Table I) 6 'IC CO2 fixed = -32.0%c and a = ' IC fixed CO2 -6 'IC HC03-
Substitution of the data in experiment II in Table I I"C CO2 fixed = -31.6'-c and A = -2.5%c
A sample of malate taken through the isolation procedure had an isotopic composition 1.1%,c different from the starting material. A 1.1%, variability in the purified malate would result in a 4.4%, variation in the calculated fractionation. Using the average value of the two experiments, the value for the carbon isotope fractionation associated with the fixation cf carbon in the PEP Pathway is -2.7 ± 4.4%c
Ribulose-1,5-diP Carboxylase. To obtain a ccmplete picture of the enzymatic isotope effects of carboxylases in sorghum extracts, we determined the carbon isotope fractionaticn of the RuDP carboxylase reaction. Our results, along with the results of Park and Epstein (14) are shown in Table II . At pH 8.2 and 24 C, approximately 96%r7 of the total CO2 in the reaction mixture was in the form of HCO3-, about 4%-was in the form of CO2 and there was essentially no CO32-. Thus, frcm 13.2 mmoles of total inorganic carbon, 528 pmoles of dissolved CO2 was immediately available for reaction with RuDP to form PGA.
The 6 13C value for the carbon fixed into phosphoglyceric acid is given by the following equations:°6 "C RuDP + '6 "C CO2, fixed = a "PGA Substituting the data for Experiment I at 24 C (Table II) , 6 "C C02 fixed = -72.0%
and by definition A = a "C C02 fixed -'3C HC03-= enzyme isotope fractionation A = -42.9%o
Since the isolation procedure for PGA resulted in a 1.1 % difference between starting material and product a ± 6.6%, error must be included in the enzymatic isotope effect, A = -42.9 i 6.6%, at 24 C, whereas A = -17.4%, from Park and Epstein's data. Mook (11) has shown that the dissolved C02 in isotopic equilibrium with a bicarbonate solution is enriched in '2C by 9.2%. Therefore A = -33.7 ± 6.6%x at 24 C with respect to the dissolved CO2 in the reaction mixture, and A = -8.2 %, from Park and Epstein's data. For experiment II (Table II) the carbon isotope effect at 37C is: A "3C HCO -fixed = -26.1 %, and using a 7.8 %, fractionation between CO2 (aq) and HCO3- (11) A 'C = -18.3 %x at 37 C with respect to the dissolved CO2 in the reaction mixture. (14) . If the isotope fractionation of Park and Epstein's data is recalculated, the amount of fractionation is 8.2%, and not 18%/. It has also been demonstrated that no significant carbon isotope fractionation exists between atmospheric CO2 and dissolved C02 (7, 11, 19) . The large 7%, enrichment in cytoplasmic CO? from gaseous C02 which was postulated in the Park and Epstein model (14) is doubtful. The 8.2%, fractionation of CO2 into PGA in the absence of any kinetic effect will not account for the observed 6 "C composition of C3 plants. The results in this paper show that the fractionation of CO, into PGA by preparations of RuDP carboxylase at 24 C and 37 C is 33.7 and 18%, respectively. The isotope fractionation at this en2ymatic step probably accounts for the 6 "3C value of most C3 plants, which grow at summer temperatures over 30 C, since the amount of carbon fractionation from gaseous CO2 (6 B3C = -7) to carbon intermediates (6 "C = -25) is 18%s. These data also substantiate that the isotope fractionation of 18%x at the RuDP carboxylase CO2 fixation step at 37 C does not account for the small amount of fractionation of carbon isotopes of CO2 found in C4 plants.
Smith and Epstein (16) and Bender (2) have shown the total carbon of C4 plants have a 6 "C values of -9 to -14. Whelan et al. (18) have shown that the 6 '3C values of metabolic intermediates of C4 plants are -9 to -14. The 6 13 values of metabolic intermediates of C, plants in respect to PDB is -9 to -14 and in respect to gaseous C02 -2 to -7. The results in this paper show that preparations of PEP carboxylase fractionate bicarbonate into malate by 2.5 to 3.3%x. There is a known fractionation of the isotopes of carbon as gaseous CO2 is absorbed by H20 and converted to HCO3-of 6%, to 9%x (7, 11, 19) . Thus the total fractionation of isotopes of carbon of atmospheric CO2 during photosynthesis in C4 plants would be about -77% + (-2.5%0) or-7% + (-3.3%x) = -9.5%&'to -10.3% which agrees with the 6 13C value of -9 to -14 of the carbon intermediates of these plants. These 
